INSTRUMENTATION
A Beckman and Whitley Model 1Ö9 framing camera has been adapted for spectrographic studies. Optically, this camera is similar to the Bowen 1 2 76-lens camera and to the framing camera described "by Brixner . The objective ler.s forms an image on a rotating mirror which directs the reflected beam into a series of relay lenses, in sequence. The relay lenses form effectively still images along the film plane. In its present application with a 50C0 RPS mirror-turbine assembly, the camera records at a rate of about 1,200,000 frames per second with effective exposure times of approximately 0.2 microsecond.
For spectrographic studies, the original lens was removed and a 20-inch focal length Bausch and Ldmb. Tessar in conjunction with a plane diffraction grating was substituted, as shown in Figure 1 . The grating was a 7500 lines per inch Wood's replica which had the useful property of strongly favoring one of the first order spectra. A length of approximately two inches of the grating was used. The objective lens was used at unit magnification, and imaged the favored first order of the dispersed beam at the rotating mirror. For a given setting of the optical pystem, approximately 750 angstroms of the spectrum can be observed. Thus, the visible spectrum can be covered in about four separate steps.
OBSERVATIONS ON EXPLODING TUNGSTEN WIRES
The framing camera spectrograpb has been used to observe exploding tungsten wires. ' The circuit shown in Figure 2 was used to explode 15.5 millimeter lengths of 0.002 inch diameter tungsten wire. As indicated in Figure 2 , a 5.0 microfarad condenser was used, and was charged to 9.5 kilovolts. The discharge was triggered with a 5022 hydrogen Thyratron in order to synchronize the event with the camera.
A normal framing camera record of an exploding tungsten!, wire is shown in Figure 3 . For this record, the light from the camera wa3 attenuated by a neutral density filter with an attenuation factor of 100. Two concentric, expanding regions of luminosity are observed, and are separated by a narrow, intensely bright band. The boundary of the outer region initially expands at a rate of 2.3 millimeters per microsecond. This expansion velocity decreases to 0.8p millimeters per microsecond in 3*0 microseconds. The luminosity in this region disappears in approximately 8.0 microseconds on both framing and streak camera records. ' The current pulse through the exploding wire ha3 also been measured to have a half period of 8.0 microseconds. The inner region, bounded by the bright band of luminosity, expands at an initial rate of 0.77 millimeter-per microsecond, and the luminosity in this region persists after the light from the outer luminous region lias disappeared. The outer region of luminosity is preceded by a non-luminous or faintly luminous shock which was not of sufficient intensity to be seen in the framing camera spectrogram. This shock alBO does not show on the framing camera record in Figure 3 For spectrographic studies with the framing camera, the wire was placed perpendicular to the spectrograph slit. A slit width of 0 005 inch was used. A high pressure mercury arc served to provide the reference spectrum. A framing camera spectrogram of exploding tungsten wire appears in Figure 5 , and frames 4 and 10 of this spectrogram also appears in Figure 6 . Frame k is characteristic of the early spectra. The intensely bright boundary between the two luminous regions observed in Figure 3 The outer region seen in frame k also shows broad lines. The measured wavelengths of these lines correspond to those of nitrogen and oxygen in the spark spectrum of air. The lines are so broad and poorly defined, that the weaker ones which populate this spectral region may be responsible for what apjpears to be a weak continuum. The nitrogen and oxygen lines located in the spectral region from 3900 to 1+700 angstroms, shown in Figure 6a , are listed in Table 1 along with those found in the region from 5000 to 5950 angstroms There was no evidence of molecular spectra due to either N p or 0 ? . Table 1 In frtuiie 10 (Sec Figure 6b) , thfl lines of nitrogen and oxygen have disappeared, leaving only the luminosity which had been associated with the inner region. ThiB appears to consist of lines superimposed on a weak continuum» Tungsten lines are identified throughout this spectrum, and most of them are labeled in Figure 6b . Most of these lines appear somewhat broadened and poorly defined. In many cases,, the identified lines are due to two or more unresolved wavelengths in the tungsten spectrum. Table 2 lists the lines which were identified. Ca(?) 3933 DISCUSSION Time-resolving power is defined as the smallest time-difference that can be measured, For the framing camera which has been described, the smallest measurable time-difference is the time between mid-point of successive exposures. However, there is some uncertainty about the time at which an event occurs, since each framing camera exposure is an integrated picture of what occurs during a time interval of approximately 0.2 microsecond. Space-time resolved spectrograms, therefore, do not provide continuous time coverage or the degree of time resolution that can be obtained with streak-type cameras. However, the added feature of space resolution in many cases makes it possible to obtain much additional information from a single record, and also brings out features which might not be evident in spectrograms with time resolution alone. The observations on a special case of an exploding wire indicate the information that may be obtained from a single space-time resolved spectrogram. For spectrographic studies, streak and framing cameras would be utilized best when information from one supplements that obtained with the other.
A~*£'*& SBÖR0E E. HAUVER

Figurr 1. Framing Camera Spectrograph
The above streak record has been retouched to olearly ohov; the faintly luminous shock. 
